To evaluate ocular anterior chamber depth (ACD) and body mass index (BMI) in a normal population in Port Harcourt City Local Government Area (LGA), with a view to determine formulae in estimating intraocular lens power for cataract surgeries and possible association with angle closure glaucoma and other ocular pathological conditions. Methods: This is a multi-stage study with inclusion criteria of Visual Acuity > 6/18, age greater than 18 years with no history of past ocular surgeries or trauma. Data obtained through a structured proforma included age, sex, tribe, occupation and level of education. Body Mass Index (BMI) was measured using a standard height and weight automated scale (SECA 769,220). Comprehensive ocular examination done and Anterior Chamber Depth (ACD) measured using Amplitude (A) scan ultrasonography (SONOMED PACSCAN 300AP). Data was analyzed using SPSS (Version 17), and p value was set at ≤ 0.05. Results: Four hundred and sixty six (466) subjects participated in the study made up of two hundred and twelve (212) males (45.5%) and two hundred and fifty four (254) females (54.5%) with M: F ratio of 1:1.2. The age range was 18-92 years and mean age of the subjects studied 43.0±14.2 2 years. Findings revealed mean ACD and Body Mass Index to be 3.1±0.5 mm and 26.9±6.2 kg/m 2 respectively. The mean ACD was greater in males than females. There was a statistically significant relationship between age and ACD. Obesity was found to be higher in females (n=97; 78.2%) compared to the males among those with BMI >30Kg/m2 and this was found to be statistically significant (p=0.0001). A larger proportion of subjects with normal BMI and overweight BMI 25-29.5 Kg/m2 were males. There was a statistically significant difference in the ACD values between genders among those overweight (BMI 25-29.5 Kg/m 2 ) and the obese (BMI >30 Kg/m 2 ). Conclusion: There was a statistically significant difference in the ACD values between genders among those overweight.
INTRODUCTION
Anterior Chamber Depth (ACD) is an important biometric parameter in the eye, and the measurement is important in several conditions including the determination of the refractive status of the eye as well as determination of intraocular lens power for patients prior to cataract surgery. Several studies have also related it to anthropometric measurements including Body Mass Index (BMI) [1] .
The anterior chamber depth (ACD), defined as the distance measured along the eye's optical axis from the posterior surface of the cornea to the anterior surface of the crystalline lens, [2] , is an important biometric measurement. It is approximately 3.5mm (1.99-4.75 mm). In a study carried out in Central India by Jonas et al. [3] , mean anterior chamber depth was noted to be 3.2mm. Anterior chamber depth varies with refractive error, age, sex, ethnicity, genetics and amplitude of accommodation [4] . ACD measurement and dimensions are said to be very important in the diagnosis of angle closure glaucoma, as shallow anterior chamber depth is noted to be one of the most consistent and important ocular risk factors for angle closure glaucoma [5, 6] .
Body Mass Index (BMI) is an anthropometric measurement used in determining the state of well-being of the body and it is also used as a measure of body size as it provides a crude index of the body's fat content.
The parameters used in its determination are weight in kilograms, and height in meters [7, 8] . It is defined as the individuals body weight divided by the square of their height [9] . Increased BMI has been known to be associated with several ocular pathological conditions, [10] such as cataract, [8] retinal vein occlusion, [11] age related macular degeneration, [10] reduction in retinal vascular caliber, [11] as well as raised intraocular pressure (IOP) [12] .
There is a paucity or dearth of studies in our environment and Africa reporting the relationship of BMI and anterior chamber depth although there are varying reports on the relationship between ACD and BMI by several authors outside this continent.
The ACD is measured using either contact methods like the A scan biometer, non-contact methods like the IOL master, [13] or clinically by the Van Herrick's and Redman Smith's methods respectively. [14] Its depth increases from birth until it stabilizes at about 15 years. Minimal change occurs from adolescence to 30 years usually as a result of deposition of lens fibers anteriorly [4] .
In the EPIC-Norfolk Eye study, [5] with 2519 adults, ACD varied with age and sex. There was a significant inverse association between ACD and refraction in women, but not in men (p-value<0.0001).
Wong et al. [15] in a population based descriptive cross sectional study of adult Chinese aged between 40 to 81 years in Singapore, noted that people aged between 40-49 when compared with those between 70-81 years had deeper ACD (+0.52mm) . Women had shallower ACDs than men after controlling for age. Similarly, Shufelt et al. [16] in a population based study, reported that Latino women had significantly shallower ACD than men and that older individuals had shallower ACD as compared with younger individuals. In the Central India Eye and Medical study, [3] a population based study carried out on 4711 Indian subjects, it was noted also that shallower anterior chamber depth was significantly associated with older age and the female gender. Similarly Olurin, [17] in a study on 1646 eyes of 823 Nigerians, surmised that anterior chambers were deeper in males than females and that significant shallowing occurred with age. This was in keeping with a case control study carried out on 240 newly diagnosed glaucoma subjects compared to 250 subjects without glaucoma, by Ashaye, [18] in Nigeria. The study stated that although mean central ACD was shallower in cases than control, the mean ACD was shallower in females than males and also decreased with age in both cases and controls. The findings on ACD in Nigerians were in agreement with those in the other races previously mentioned, thus it can be surmised that age is an important consideration in the assessment of the anterior chamber depth.
In a cross sectional clinic based study by Wang et al. [19] using 466 subjects and 4 gender and age matched cohorts of Caucasians, American Chinese and Southern and Northern mainland Chinese, anterior ocular segment biometry features and related factors using anterior segment Optical Coherence Tomography (OCT) were studied, and it showed that Chinese female and older subjects tended to have smaller anterior chamber depth as well as width than Caucasians. This was thought to be attributable to shorter corneal arc depth in the Chinese.
A study carried out by Olurin, [17] to measure the anterior chamber depth in Nigerians and compare findings with previous observations in Caucasians, observed that the mean ACD was 3.22mm and that the ACD was significantly deeper in males than females and that significant shallowing occurred with age. The author concluded that no significant differences could be found between the 2 racial groups.
This dimension of ACD noted in Nigerians is in keeping with findings in other racial groups around the world [3, 5, 20, 21] .
Body Mass Index is an anthropometric parameter measured by dividing the weight of an Individual in kg by the height in m 2 . It is said to be an indicator of body size although independent of size and stature [3] . It is also used to assess the degree of obesity as a BMI of less than 18 kg/m 2 is termed underweight,18.5-24.99 kg/m 2 termed normal weight, 25-29.9 kg/m 2 termed pre obesity or overweight and over 30kg/m 2 is described as obesity [22] . Lower BMIs are said to be associated with smoking, alcohol consumption and low socio economic status whereas higher BMIs are associated with diabetes mellitus and hypertension [8] . Meta analytical studies by Stevens et al. [23] show the highest prevalence of obesity in Caucasians, Mediterraneans and some parts of Africa (North and central America, Latin America, the middle East and Southern sub Saharan Africa), with the lowest values in Asia and other parts of Africa (Southern and South East Asia, Eastern Sub Saharan Africa) and mid values in Western Sub Saharan Africa.
In a study by Chiu et al. [24] in Taiwan, elderly men were found to be taller and heavier than elderly women, but women were seen to have a higher mean value of BMI (Kg/m2). The prevalence of overweight was 27.3% in men and 34.9% in women, while the prevalence for obesity was 3.2% in men and 6.4% in females. Overall the Taiwanese were said to have lower BMI levels than those in Kuwait, Sweden United states and native America. This was said to have been due to nutritional differences between races. This was similar to results gotten by Desalu et al. [25] on 810 subjects in Ilorin where the prevalence of obesity was 9.8% and that for overweight was 35.1%. Of those found to be obese, 24% were male and 75.9% were female. Obesity was seen to be strongly associated with Female gender, age ≥ 40 years and socioeconomic status.
A review of literature carried out by John et al. [26] on Nigerians in different states of the country, noted that the prevalence of obesity was between 8.1%-22.2% and that for overweight between 20.3% and 35.1%. The prevalence of overweight and obesity were said to be higher in females and the also in the age ranges of above 60 years and 70 years for men and women respectively with the lowest prevalence in the age range of between 20-29 years. This is in agreement with outcomes of studies in other parts of the world the world.
Some studies have shown that the BMI of an individual might be related to the size of the ocular components and thus affect the refractive status of the individual; [5] some other studies have shown relationships between BMI, height and weight and the sizes of ocular components [1, 5] .
METHODS
This is a multi-stage study with inclusion criteria of Visual Acuity > 6/18, age greater than 18 years with no history of past ocular surgeries or trauma. Data obtained through a structured interviewer based proforma included age, sex, tribe, occupation and level of education. Body Mass Index (BMI) was measured using a standard height and weight automated scale (SECA 769,220). Comprehensive ocular examinations done included visual acuity with Snellen's chart, intra ocular pressure with Perkin's applanation tonometer, and funduscopy with Welch Allen's ophthalmoscope and Anterior Chamber Depth (ACD) measured using Amplitude (A) scan ultrasonography (SONOMED PACSCAN 300AP). Data was analyzed using SPSS (Version 17), and p value was set at ≤ 0.05.
RESULTS
Four hundred and sixty six (466) subjects from the general adult population were studied.
The Anterior Chamber Depth (ACD) and Body Mass Index (BMI) values in one randomly selected eye of the population studied were analysed.
The mean age of the subjects studied was 43.0±14.2 years with the age distribution between 18 and 91 years, and a peak age group of between 31 and 40 years as shown in Fig. 1 .
The mean age for males was 41.6 ±12.7 years and that for females 44.8+15.8 years.
There were two hundred and twelve (212) males (45.5%) two hundred and fifty four (254) females (54.5%) with male to female ratio of 1: 1.2.
The gender distribution for different ages is shown in Table 1 . About one quarter of the males in the population studied, (n=54; 25.5% of total male population) were within 41 and 50 years and majority of the female population (n=83; 32.6% of female population) were within 31 and 40 years. There was a significant difference between both genders at different age groups (p= 0.01).
The mean ACD of the general adult population studied was 3.1 ±0.5 mm (range 2.5 to 6.5mm). The mean ACD distribution in males was 3.2 ±0.3 mm (2.5 to 4.0 mm) and in females 3.1 ±0.6 mm (2.5 to 6.5 mm). The mean difference between genders was 0.1±0.1 (95% C.I -0.02 to 0.1, t-value 1.4 and p= 0.172). 
Fig. 1. Age distribution of study population
The mean distribution of ACD in different age groups between genders is shown in Fig. 2 .
The peak mean ACD in males was found among those within 61 and 70 years while in females was within 18 and 40 years. Fig. 3 shows that a statistically significant negative relationship was found between age and ACD in the general population studied (r= -0.262, p= 0.0001) that for every increase in age by 1 year, ACD narrows by -0.005 mm (C.I -0.007 to -0.003mm at a constant value of 3.339). This generates the hypothetical equation for ACD estimation from age as ACD = 3.339 -0.005 (age in years)
The relationship between age and ACD between gender was analysed and it showed that a strong negative relationship existed between age and ACD in both gender respectively (p<0.05). Among the male population a unit rise in age caused a decrease in ACD by -0.004mm (CI -0.007 to -0.002) while in the females a decrease in ACD value by -0.007mm (CI -0.01 to -0.005) was found.
Obesity was found to be higher in females (n=97; 78.2%) compared to the males among those with BMI >30Kg/m 2 and this was found to be statistically significant (p=0.0001). A larger proportion of subjects with normal BMI and overweight BMI 25-29.5 Kg/m 2 were males as shown in Table 2 .
The distribution of ACD with BMI groups among different genders is shown in Table 3 . There was a statistically significant difference in the ACD values between genders among those overweight (BMI 25-29.5Kg/m 2 ) and the obese (BMI >30 Kg/m 2 ) as shown in Table 2 . Although more females were noted to be obese, their mean ACD was found to be lower compared to the males. 
Fig. 2. Mean ACD distribution between genders at different age groups

Fig. 3. Relationship between age and ACD in general population
Bivariate linear regression
DISCUSSION
This study evaluates ocular anterior chamber depth (ACD) and body mass index (BMI) in a normal population in Port Harcourt City Local Government Area (LGA), with a view to determine formulae in estimating intraocular lens power for cataract surgeries and possible association with angle closure glaucoma and other ocular pathological conditions. Most of the subjects studied were of Rivers ethnicity (n=184; 39.5%) which could be explained by the fact that the study was carried out in the communities that make up Port Harcourt city LGA. This was similar to the study carried out by Adio, [27] on 400 subjects in UPTH eye clinic where 56% of the subjects were from Rivers state. Most of the subjects were businessmen and women which may probably be due to the fact that Port Harcourt is largely a commercial city.
The mean anterior chamber depth in this study was 3.1±0.5mm (Fig. 2) which was similar to that noted by Olurin et al. [17] (3.23mm) in Nigerians, the Blue mountain eye study (3.10mm) and the Central India Eye study, [3] (3.2mm) whilst being higher than the values noted in the study on Iranians by Hashemi et al. [28] (2.62mm). The difference in the mean anterior chamber depths in these populations may not have been unrelated to the smaller sample size in the Cameroonian study (n=325 eyes) and the fact that Iranians have been postulated to have a low ACD [28] . The lower mean ACD values amongst the Iranians may also be related to the fact that the Iranian study was carried out amongst those aged 40 to 70 years, this is in agreement with several studies [17, 18] and the index study that notes that ACD reduces with age.
The mean distribution of ACD in males (3.2mm) in this study was shown to be higher than that in females (3.1mm), although this difference was not statistically significant similar to the study by Elabjer et al. [21] where it was noted that there was no statistically significant difference of right eye ACD between both gender. This result differed from that noted by the EPIC-Norfolk study [5] and the Los Angeles-Latino eye study [16] , and Reykjavik eye study where there was a statistically significant higher value of ACD for males as compared to females (p<0.001).
There was noted to be a strong negative relationship between ACD and age in this study in both gender (p<0.05), as an increase in age by one year caused a 0.004mm and 0.007mm decrease in ACD in females and males respectively. This was similar to results got by Hashemi et al. [28] where ACD was noted to decrease by 0.013mm per year of aging. This is also in agreement with the EPIC-Norfolk study, [5] where there was found to be statistically significant inverse relationships between ACD and age.
The distribution of ACD with BMI groups among different genders is shown in Table 3 . There was a statistically significant difference in the ACD values between genders among those overweight (BMI 25-29.5Kg/m 2 ) and the obese (BMI >30 Kg/m 2 ) as shown in Table 2 . Although more females were noted to be obese, their mean ACD was found to be lower compared to the males.
CONCLUSION
There was noted to be a strong negative relationship between ACD and age in this study in both gender. There was a statistically significant difference in the ACD values between genders among those overweight as shown by the BMI values.
